The cell wall of microalgae presents a formidable barrier necessary for survival in aquatic environments. Unfortunately, this barrier affects certain processes of interest in algal biotechnology such as oil extraction. Thus, assessing the impact of lytic peptides or enzymes on algal cell wall degradation is a critical first step to utilizing algal biomass more efficiently. Galactolipids are the main structural component of plant chloroplastic membranes and blue-green algae cell membranes. The predominant lipids in this class are monogalactosyl-diacylglycerol (MGDG) and digalactosyl-diacylglycerol (DGDG). Here using de Langmuir monolayer technique, we have demonstrated that melittin, a lytic peptide, has an intrinsic propensity to interact and perturb interfacial monolayers made of MGDG or DGDG that mimic microalgae cell wall.
Biofuel (biodiesel, bioethanol and biogas) from combustible sources is presently being recognized as an alternate and green renewable fuel for sustainable energy production in the near future [1] . Microalgae are the photosynthetic microorganisms, which are attracting huge interest from researchers because they produced triacylglycerols (TAGs) within cells in the form of lipid droplets. The extraction of TAGs from microalgae requires a cell wall sufficiently permeable, either to allow entry of an extracting solvent or to allow the TAGs to seep out of the cell, and then converting the TAGs into fatty acid methyl esters by transesterification to obtain biodiesel [2] . Several options for extracting lipids from within the cell have been described in the literature. Standard laboratory procedure for extracting intracellular lipid from algae is to reflux cells with a mixture of chloroform and methanol without the need for cell disruption. However, this is not feasible at an industrial scale owing to the toxicity of chloroform. Various pre-treatments have been used to reduce the dependence on harsh solvents, specifically mechanical disruption such as cell breakage by homogenization, bead milling and low frequency ultrasound [3, 4] , however these techniques requires a lot of energy so, the ideal system for extracting lipids from algae would be working with wet cells, and eliminating the need for organic solvents. A potentially low-energy alternative to the mechanical methods are enzymes that degrade cell walls/cell membranes and have been used industrially for the degradation of lignocellulosic material to produce sugars suitable for fermentation to ethanol however, there have been few attempts to extend this to microalgae [5] . Part of the problem is that the composition of the cell wall varies considerably amongst different classes of algae. The first study on cell wall sugar composition of Chlorella was reported in C. pyrenoidosa in which cell wall polysaccharide consisted of several neutral sugars [6] . Takeda and Hirokawa (1978) reported that the cell wall of C. ellipsoidea of Tokyo contained glucosamine in addition to neutral sugars, galactose, rhamnose, arabinoise, xylose and mannose [7] . Galactolipids are the main structural component of chloroplastic membranes and of green algae cell membranes, been the monogalactosyl-diacylglycerol (MGDG) and digalactosyl-diacylglycerol (DGDG) the predominant galactolipids [8] . MGDG is a galactolipid that has a headgroup of 1--galactose linked to the diacylglycerol, whereas digalactosyl-diacylgycerol (DGDG) has the same structure as MGDG although presenting for the headgroup a terminal -galactose (1, 6) linked to the inner -galactose. Both galactolipids have two acyl groups esterified at the sn-1 and sn-2 positions of the glycerol moiety and the polar headgroup at the sn-3 position [9] . Melittin is one of the most studied antimicrobial and cytolytic peptides to date. It is the principal active peptide from the sting of the European honey bee Apis mellifera making up some 50 per cent of the dry venom. It is a non-selective, cytolytic peptide with high antimicrobial activity and well-documented potent hemolytic activity [10] . Melittin is 26 residues long and although it is mostly hydrophobic, it has a net charge of +6 at pH 7. The amino terminus (residues 1-20) consists of mostly hydrophobic residues and the carboxyl terminus is strongly cationic with four positively charged residues (Lys-Arg-Lys-Arg), the remaining two positive charges are located at Lys-7 and the N-terminus. Due to this amphiphilic property of melittin it becomes water-soluble and spontaneously associates with natural and artificial membranes [11] .
In this work we use the Langmuir technique to prepare monolayers of MGDG, DGDG and MGDG:DGDG 2:1(w/w) that mimic microalgae cell wall and analyze melittin ability to be inserted in these monolayers to propose it as an alternative pre-treatment to made cell wall sufficiently permeable to increase TAGs extraction from microalgae. Vargas-Perez et al. Figure 1 shows melittin interfacial kinetic adsorption and as can be observed, the incorporation of the peptide in the air/liquid interface due its amphipathic character, produce an immediately increase in surface pressure. Peptide concentration higher than 1.6M saturated the interface, and no further increase of surface pressure was detected when higher amounts of peptide were injected. The maximum surface pressure measured in melittin monolayers was in the range of 38mN/m, value that has allowed to consider melittin as a "protein detergent" at the air/water interface [12] . Then we formed monolayers composed of MGDG at the interface and after few seconds to allow solvent evaporation, we injected melittin (3.2M) in the buffered subphase. It has been established that protein penetration into the hydrocarbon region of the membrane should generate marked surface pressure changes whereas proteins that only adsorb at the surface of the polar head groups should cause small or undetectable surface pressure increases [13] . Figure 2A illustrates that the injection of melittin into the subphase underneath a MGDG monolayer preform at 10mN/m, promotes an instantaneous increase in surface pressure () of around 30mN/m, suggesting the association and penetration into the lipid domain. This behavior was observed with all different initial surface pressure ( i ) tested. A similar effect was observed with monolayers of DGDG preformed until 20mN/m (Fig. 2B) , above this value, the peptide was not able to be inserted and only a very small increase in surface pressure was observed. These differences suggest that surface behavior of the lipids contribute significantly to the association and stabilization of melittin with the interfacial films. The characteristic MGDG species in most green algae are polyunsaturated fatty acids mainly 18:3/16:4-and to a less amount 18:3/16:3-MGDG. DGDG is more saturated, and contains mainly 18:1, 18:2 or 18:3 fatty acids at sn1 and 16:0 at sn2. [14] . It has been reported that unsaturated MGDG is in liquid-expanded (LE) state at all conditions studied and that saturated DGDG is in LE phase at low surface pressure (10mN/m) and present a change to liquid-condensed (LC) state around 20mN/m. The compression of the saturated DGDG monolayer forces the re-orientation of the head groups favoring the formation of hydrogen bonds between DGDG molecules, which is reflected as an increase of the compressibility of the monolayer [15] . Our results show that melittin is able to interact and insert into monolayers of lipids in LE state, but when the lipids change to liquid condensed state and are so densely packed, the peptide has not enough affinity for the lipids to substitute lipid-lipid for peptide-lipid interactions. Finally, we tested melittin insertion capacity into MGDG/DGDG (2:1 w/w) monolayers (ratio present in natural algae membrane) and as it can be observed in Figure 3 It is generally assumed that the lateral packing in a lipid bilayer can be roughly mimicked by a monolayer compressed to 30mN/m. Therefore, molecules with  c values higher than 30mN/m are generally considered as competent to interact with and insert into lipid membranes [16, 17] . The  c value calculated for the insertion of melittin in MGDG monolayers was around 60mM/m, while the  c for insertion in preformed DGDG films was estimated to be 5mN/m. When the monolayer was composed for a mixture of these lipids, the  c value was 48mN/m showing again that melittin is capable of inserting into lipid monolayers at higher surface pressures as long as they contain MGDG (Figure 4) . This result can be explained by the fact that in an unsaturated MGDG/DGDG mixture, the MGDG headgroup forces the DGDG head to a different orientation than in pure DGDG monolayers, and that the presence of both galactolipids induced a higher hydration than in pure components. This agree with observations made by other authors who reported that MGDG/DGDG monolayers are in the liquid expanded state and that can form miscible systems within the monolayer at the air/water interface [18, 19] so melittin can insert into and perturb this kind of monolayer. A more recent study using solution atomic force microscopy (AFM), revels that melittin-induced lipid defects are exclusively localized in the Ld phase, being the most probable defect radius of 3.8nm at 1% mol peptide concentration after 34 min of incubation also that, depending on its concentration, melittin can suppress Lo phase formation [20] . The results shown here demonstrate that melittin has an intrinsic propensity to interact and perturb interfacial monolayers that mimic microalgae cell wall. We conclude, in summary, that melittin would access the deep regions of liquid-expanded monolayers made of the main Impact of melittin on microalgae cell wall Natural Product Communications Vol. 13 (8) 2018 1015 galactolipids present in the microalgae cell walls. This observation allows as to propose it as an alternative pre-treatment to made cell wall sufficiently permeable to increase the TAGs extraction from microalgae.
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Experimental
Materials: MGDG and DGDG, with acyl = stearoyl (18:3), were purchased from Sigma-Aldrich. Melittin, chloroform and methanol of analytical grade were also purchased from Sigma-Aldrich.
Melittin interfacial adsorption:
Interfacial adsorption of melittin was assayed using a Stainless-steel trough low volume with a fully automated microtensiometer (TROUGH SX, Kibron Inc. Helsinki, Finland). The microbalance was filled with 1.3mL of Tris 5mM pH 7.4 containing 100mM NaCl, thermostated at 25ºC and subjected to continuous stirring. After the injection of a small volume of methanolic peptide solution into the subphase, changes in surface pressure were monitored over time (-t isotherms). Injections of equivalent volumes of pure methanol did not produce any detectable change in surface pressure.
Insertion of melittin into preformed monolayers: Insertion of melittin into each monolayer prepared was followed using the same microbalance by monitoring changes in surface pressure () over time after peptide injection into the subphase. Monomolecular films of MGDG, DGDG or MGDG/DGDG 2:1 (0.1mg/mL chloroform: methanol 3:1 v/v) were spread on top of buffer Tris 5mM pH 7.4 NaCl 100mM. After 5 min for solvent evaporation, 10L of melittin, prepared in methanol at [1mg/mL] final concentration, were injected in the subphase (1.3mL) and pressure increases produced were continuously recorded as a function of time. The surface pressure at the time of injection is indicated in the figure legends. Control experiments were run in parallel to ensure that the injection of 10L of methanol in which melittin was dissolved did not induce by itself any surface pressure change. The data were analyzed with the FilmWareX 3.57 program (Kibron Inc). The accuracy of the system under our experimental conditions was 0.25mN/m for surface pressure.
Statistics: Unless otherwise indicated, results have been presented as representative experiments after repeated examination of three different samples from at least two different batches of peptide.
